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Abstract
In this paper, through systematic analysis of wind measurements from three complex terrain sites m Greece, the differences between flat and complex terrain winds are identified and the 3D flow characteristics of the complex terrain winds quantified. In addition through analysis of the measurements from three different wind turbines operating at these sites, the main complex terrain wind parameters affecting the WT operation are identified and their effects quantified on the fatigue loading and power production of the WTs. The paper shows that all the three available complex terrain sites exhibit 30 wind flow characteristics, which differ from the commonly used in wind energy flat terrain characteristics. Wind turbulence in the lateral and vertical components is higher in complex compared to flat terrain and the complex terrain winds contain more turbulent kinetic energy whith its level following the complexity of the terrain. Increased WT fatigue toads are found to be a part of the complex terrain environment, driven mainly by the turbulent characteristics of the wind components (σu, σv, σw) i.e. the upwind terrain topography. The additional turbulence present in the lateral and especially in the vertical wind components is responsible for the increased fatigue as well as for the WT power and load variability.
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